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ABSTRACT	  
 
Objective: The HROTS aims to examine the process of transferring 
women with high-risk pregnancies to tertiary obstetric units across 
NSW/ACT. Transfer outcomes were divided into “appropriate”, 
“failed/delayed” and “probably inappropriate”; it is hypothesized each 
outcome has different associated clinical and demographic factors. 
Methods: A prospective observational study was conducted from July 1, 
2010 to June 30, 2011. It included transfers that were accepted, not 
accepted, advised for non-tertiary transfer or advised safer for neonatal 
retrieval. Patients were at least 20 weeks gestation and identified by 
hospitals involved in the transfers and through the NETS NSW database. 
Results: The study included 249 requests for transfer. The transfer 
outcomes and identified significantly associated factors were: 39% 
“appropriate transfers” – older mothers, twin pregnancies, essential 
hypertension, 3 or more indications, PROM, PIH and TPL plus PROM; 8% 
“failed/delayed” – TPL, APH and TPL plus APH, and 45% “probably 
inappropriate” – younger mothers, singletons, one indication, TPL, APH 
and TPL plus APH. 
Conclusion: The findings suggest there are significant numbers of 
women in NSW receiving suboptimal care resulting in high-risk deliveries 
in non-tertiary hospitals or being moved unnecessarily. This suggests a 
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more robust system of triage and/or an increase in tertiary obstetric and 
neonatal resources is needed. 
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1. BACKGROUND CASE 
 
A twenty-five year old primiparous woman with a singleton pregnancy 
presented to a regional hospital in New South Wales (NSW) at 30 weeks 
gestation for symptoms of pre-eclampsia. She was admitted and 
commenced on treatment with regular anti-hypertensive medications. She 
remained hypertensive with worsening proteinuria, hyperreflexia, 
headache and blurred vision, requiring intensive care at the regional 
hospital. Furthermore, her biochemistry was becoming increasingly 
abnormal; cardiotocography was reassuring throughout the admission. 
Additional medications were unable to control her blood pressure and she 
was identified as requiring a tertiary intensive care unit (ICU) bed for more 
aggressive management. At 10:20 A.M. the consultant obstetrician 
contacted the tertiary referral centre, which accepted the patient. At 2:05 
P.M. the tertiary referral centre reneged as another patient was admitted 
to the adult ICU bed. During this time, the obstetrician at the regional 
hospital went on leave with the hospital administrator left to arrange the 
transfer. The Perinatal Advice Line (PAL) was contacted at 3:58 P.M. to 
establish an adult ICU bed matched with a neonatal ICU (NICU) bed. They 
proceeded to a three-hour conference call with multiple participants - no 
NICU beds were available across the state. It was ultimately decided that 
the patient would be moved to a tertiary adult ICU bed immediately and 
that neonatal retrieval would be organized if necessary. The patient 
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arrived at the tertiary hospital at 11:45 P.M., 13 ½ hours after she was first 
identified as needing urgent tertiary level care. She was delivered 30 
hours later by caesarean section for worsening pre-eclampsia; the baby 
did not require retrieval. 
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2. INTRODUCTION 
 
Antenatal transfer to a higher level of care may be necessary to manage 
maternal risks or to facilitate the birth of at-risk neonates at centres with 
appropriate neonatal facilities; the reason is that research has shown that 
babies (especially premature infants) born in tertiary obstetric units have 
significantly better morbidity and mortality rates compared to those born 
outside and subsequently transferred neonatally to perinatal centres(1-3). 
In Australia, these transfers are challenging owing to the country’s 
geography, population distribution and a health system in which specialist 
care is centralized in capital and main cities. The High-Risk Obstetric 
Transfer Study (HROTS) was designed to examine the process involved in 
assessing and transferring women with high-risk pregnancies in Australia 
and to determine the following:   
a) the reasons for high-risk antenatal transfers; 
b) outcomes of these transfers and 
c) maternal, obstetric and clinical factors associated with delivery 
after transfer. 
To systematically evaluate the process, in this study patients were placed 
into one of three categories:  
a) “appropriate transfers”, defined as delivery occurring after more 
than one hour of arrival to the receiving hospital;  
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b) “failed/delayed transfers”, defined as delivery after request for 
transfer initiated but before transportation, en route to the 
receiving hospital or less than one hour of arrival to the 
receiving hospital and  
c) “probably inappropriate transfers”, defined as being discharged 
from the referring hospital undelivered, discharged from the 
receiving hospital undelivered or transferred to a third hospital 
undelivered.  
It is hypothesized that different demographic and clinical factors will be 
associated with each outcome subgroup. The study therefore collected 
information on the women being transferred, their pregnancies and the 
outcomes of the transfers so as to identify clinical and demographic 
factors associated with each outcome subgroup. It is hoped that 
describing and assessing the transfer process will lead to improvements in 
future decisions regarding high-risk obstetric transfers in Australia. 
 The HROTS was conducted in New South Wales and the 
Australian Capital Territory (ACT), which combined have an area of 
811,802 km2 (the ACT is enclaved within NSW) and a population of 
7,684,400(4). Thirty-seven percent of this population live in regional, rural 
or remote areas(5); twenty-four percent of deliveries occur in regional, 
rural or remote areas(1). There are eight tertiary obstetric centres in the 
three major cities, all found in the eastern part of the region – six in 
Sydney, one in Newcastle and one in Canberra. As a result, transferring 
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women to these tertiary hospitals comes at a high cost financially and 
emotionally to both the patients and the healthcare system(2). In some 
cases, it is quicker and safer to transfer women interstate, e.g. from 
Lismore, NSW to Brisbane, Queensland, thereby adding another logistical 
factor into the equation. The background case clearly illustrates some of 
the difficulties faced in moving women, first from an adult and then from a 
neonatal point of view.  
 To reduce the number of outborn infants and improve their 
outcomes, several major changes in health strategies in NSW were 
implemented in 1995(1). First, the Newborn and paediatric Emergency 
Transport Service New South Wales (NETS NSW) was created as an 
independent service to transport neonatal and paediatric patients across 
the state.  NETS NSW would collaborate with other medical transport 
services depending on what would be determined as the best form of 
transport, i.e. road ambulance, fixed-wing aircraft (e.g. aeroplane) or 
rotary-wing aircraft (e.g. helicopter). Second, it was established that 
premature infants, especially those less than 32 weeks gestation, would 
be transferred preferentially to tertiary hospitals with perinatal services 
rather than the Children’s Hospitals. Third, the PAL was set-up to provide 
specialist obstetrician phone advice and to assist in arranging urgent 
antenatal transfers to equal or higher level care centres when necessary. 
These in utero transfers would also be coordinated through NETS NSW in 
alliance with other medical transport services. Lui et al(1) reviewed the 
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results of these strategies and found a 25% overall decrease in non-
tertiary hospital live births, with a significant reduction in the number of 
outborn premature infants. A significant decrease in the outborn infant 
mortality rate was also found as it reduced from 39.4% to 25.1%.  
 While the above changes saw marked improvements in transport 
and outcomes of infants born in non-tertiary units, experts in perinatal 
medicine noted that there have been critical incidents involving high-risk 
obstetric transfers. There is still a need to improve the transfer process 
and optimize the care of pregnant women and their babies. NETS NSW 
and associated neonatologists were of the opinion that despite the 
decrease in the number of infants being born in non-tertiary hospitals after 
1995, NETS NSW was still performing a relatively large amount of 
neonatal retrievals. This represented a significant number of missed 
opportunities for transfer prompting questions of how many such cases 
were occurring and who these women were. On the other hand, 
obstetricians at tertiary hospitals observed that despite the efforts and 
resources used in organizing transfers, a high percentage of women who 
were moved, sometimes over great distances at considerable costs, were 
not giving birth after arrival at tertiary centres and subsequently being 
discharged home undelivered. This group of clinicians wanted to identify 
factors that were associated with delivery after transfer so as to try to 
assist with future transfer decision-making and advice. It was with these 
clinical opinions in mind that the HROTS was developed. 
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3. LITERATURE REVIEW 
 
In utero transfer to a tertiary unit results in better outcomes for babies than 
those transferred as neonates(6, 7). Two studies in 2001 study compared 
the outcomes of babies born after antenatal transfer or after neonatal 
transfer. The first study, conducted at an Austrian tertiary centre, found 
there was a significantly higher morbidity in outborn babies compared with 
those born after in utero transfer (11.8% and 4.9%, respectively) and that 
the morbidity in antenatally transferred babies compared favourably with 
those born to mothers who received inpatient antenatal care(8). The other 
2001 study, by the Canadian Neonatal Network(9), reported that outborn 
preterm babies were born at significantly younger gestations and were 
sicker on admission to NICU compared to inborn preterm babies; even 
after adjusting for perinatal risks and admission illness severity, outborn 
infants were at significantly higher risks for mortality (odds ratio (OR) 1.7) 
and morbidity (severe intraventricular haemorrhage OR 2.2, patent ductus 
arteriosus OR 1.6, respiratory distress syndrome OR 4.8 and nosocomial 
infection OR 2.5) compared with inborn infants. Most recently, a 2010 
meta-analysis by Lasswell et al(3) showed that Very Low-Birth-Weight 
(VLBW) and Very Preterm (VPT) infants born outside of Level III hospitals 
had a significantly increased odds ratio of neonatal/pre-discharge death 
compared to similar infants delivered in tertiary units. The odds were 38% 
vs. 23% for VLBW infants, where the odds ratio was 1.62; for VPT infants 
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the odds were 45% vs. 17%, OR 1.55. It is also well-documented that 
preterm infants have higher risks of complications such as intraventricular 
haemorrhage and respiratory distress syndrome, which may have long-
term sequelae in the development of the children(10, 11). The decision to 
transfer a woman antenatally may thus have significant repercussions for 
the patient, her baby and her family; however, there is limited literature 
available on the subject of obstetric transfers itself. Most research 
conducted has focused on interventions to prevent preterm delivery, 
outcomes of current practices in managing preterm labour or to document 
outcomes of infants who were born prematurely. 
 Badgery-Parker et al(12) recently conducted a five-year review of 
preterm hospital admission in NSW, where the outcomes measured were 
the number of women who were discharged undelivered, who gave birth 
or who were transferred to a higher-level hospital. During their study 
period 6.3% of admissions were transferred, where 76.4% of the transfers 
went to tertiary centres. The main indication for transfer was premature 
rupture of membranes (PROM) at 20.3%, followed by threatened preterm 
labour (TPL) at 11.9% and antepartum haemorrhage (APH) at 8.6%, with 
the remaining combination of indicators, e.g. infection and pregnancy-
induced hypertension (PIH), at 59.2%. They also noted that transfers were 
more likely to occur if the following factors were present: 
a) the patient was Aboriginal; 
b) more than 35 years old; 
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c) from a disadvantaged socioeconomic background; 
d) less than 36 weeks gestation or  
e) from a small hospital.  
They found that 46.1% of women who were transferred delivered at the 
receiving hospital, 45.8% were discharged undelivered and 8.1% were 
transferred to another hospital. 
 In 2002, two prospective studies conducted in the United Kingdom 
(UK) investigated the indications and outcomes of antenatal transfers. 
Both papers reflected that a majority of antenatal transfers occur for fetal 
reasons. Bennet et al(13) conducted a national census of high-risk 
obstetric transfer cases out of perinatal centres. Ninety-three percent of 
these tertiary-to-tertiary transfers were requested because there were no 
available neonatal cots at the requesting hospital and the women were 
deemed likely to deliver soon or to require delivery urgently. In their cohort 
of 258 transfers, TPL was the most common indication for transfer (58%), 
followed by TPL plus additional indications for transfer such as APH or 
spontaneous rupture of membranes (38%) then term labour (4%). The 
median gestational age at time of transfer was 32 weeks (range 23-41 
weeks). The paper went on to show that 61% of women who were 
transferred delivered at the receiving hospital whilst 12% of patients were 
transferred to a third hospital – in one case the patient delivered en route. 
The median gestational age at birth was 34 weeks; most of these were 
vaginal deliveries (58.4%). Fenton et al’s study looked at all antenatal 
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transfers to tertiary centres within the Northern Region of the UK(14). 
Again, TPL was the most common indication at 37.3% followed by PROM 
at 20%. Hypertension in pregnancy was the indication in 17.5% of cases, 
TPL plus PROM in 14.2% and a combination of other indications in 10.8%. 
The mean gestational age at time of transfer was 29 weeks; in 24% of 
cases, requests for transfer originated from tertiary units. Seventy-two and 
one-half percent of transfer cases delivered at the receiving hospital while 
twenty-three and one-third percent were discharged or transferred back to 
the referring hospital. In five cases the patient was transferred to a third or 
more hospital; no patients delivered en route.  
 An American group conducted a review in 2004 to assess the 
concerns of obstetric transfers via fixed-wing transport(7). Like the British 
studies, the primary reason for transfer in their cohort was TPL (41.3%), 
followed by PROM (21.3%), hypertension in pregnancy (21.3%), TPL plus 
PROM (7.5%) and other indicators (8.8%). Mean gestational age at 
transfer was 25.5 weeks. The study concluded that while no major 
complications occurred in-flight, patient outcomes on arrival to the 
receiving hospitals were not examined.  
 Several papers have been published based on data collected by 
the ongoing Models of OrganiSing access to Intensive Care for very 
preterm births (MOSAIC) study based in Europe. One of these papers, by 
Kollee et al(15), documented the outcomes of preterm deliveries 
associated with three specific obstetric interventions including antenatal 
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transfer. One of the patterns that emerged was that patients were more 
likely to be transferred antenatally to tertiary hospitals with increasing 
gestational age, from 0-33% at 22-23 weeks gestation up to 11-58% by 
28-29 weeks, demonstrating that gestational age is an important 
consideration in the transfer decision-making process. 
 While these studies identified indications for antenatal transfer and 
outcomes of the transfers (Table 1), they failed to identify exactly which 
factors were associated with women delivering after transfer, being 
discharged undelivered or delivering before arrival at the receiving 
hospitals. Therefore this study aims to analyze data collected relating to 
maternal demographics, the pregnancies and the transfer process to 
determine which factors, if any, are associated with the three 
aforementioned study outcomes. 
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4. ETHICS 
 
Ethics approval was obtained from the relevant authorities in NSW, the 
ACT and the individual institutions involved in the HROTS although the 
approval process took longer than anticipated thereby delaying the 
research timeline. Approval was gained in a three-part process, where 
applications to the ACT Human Research Ethics Committee (ACTHREC) 
and the NSW Population and Health Services Research Ethics Committee 
(NSWPHSREC) were first submitted in May 2009 and the last hospital Site 
Specific Approval (SSA) was received in July 2010.  
 The combined ACTHREC and SSA committee for the one tertiary 
perinatal centre in the ACT granted approval after the first application 
submission. The original approval was for one year but due to the delays 
in the NSW ethics approval process, this period had lapsed before data 
collection could be commenced and an extension to the ethics was 
therefore required and obtained. 
 In NSW the NSWPHSREC required the application to be edited and 
resubmitted twice. The main point of contention was patient consent for 
inclusion in the study. The HROTS was designed to be a prospective 
observational cohort study, the purpose of which was to purely document 
the obstetric transfer process, not to intervene. An audit could have been 
conducted but it was decided that a prospective design would better 
ensure that the desired data points would be collected. It was also 
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anticipated that this would be a very stressful and time-critical period for 
both patients and clinical staff involved. As a result, the research team 
considered that asking the clinicians to obtain consent from the patients 
for the study would only add further stressors to the clinical staff and to the 
patients, thereby potentially causing more harm than good. Furthermore, 
as no intervention was being introduced and considering that the data 
collected would ultimately be de-identified, the research team felt that 
patient consent would not be necessary. After the third application 
submission a teleconference was held between the HROTS research 
team and the ethics committee so that the researchers and ethics 
committee members could discuss the queries of the committee regarding 
the privacy and consent issue. The NSWPHSREC decided that obtaining 
consent from the patients was not required for the HROTS and approval 
was granted on March 2010. 
 Applications were submitted to the SSA committees of the seven 
tertiary perinatal centres in NSW as well as NETS NSW as soon as the 
NSWPHSREC approval was received. One tertiary centre requested an 
additional presentation to their department of obstetrics and gynaecology 
prior to granting approval to discuss the data collection process and their 
unit’s involvement further. Six of the tertiary hospitals and NETS NSW 
granted approval; only one tertiary unit declined to participate citing that 
there was insufficient staff and too much day-to-day work to cope with the 
additional activity of contributing to the study.  
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5. METHOD 
 
This prospective observational study was conducted over a 12-month 
period, from July 1, 2010 to June 30, 2011. This study design was 
considered most ideal for the HROTS as it allowed the research team to 
ensure that the desired data would be collected. 
 
Population 
The study population was limited to pregnant women who were more than 
or equal to 20 weeks gestation, for whom urgent antenatal transfer was 
being requested. 20 weeks gestation was used in defining the study 
population as this is the gestational age that life is legally recognized in 
NSW(16). 
 
Inclusion criteria 
The study included all requests for transfer to tertiary obstetric units. This 
included cases where the transfer request was: 
a) accepted;  
b) not accepted;  
c) advised more appropriate for non-tertiary transfer but still 
needing higher-level care or  
d) advised too risky for in utero transfer and therefore safer for ex 
utero retrieval.  
	   16	  
Urgent tertiary-to-tertiary requests for transfer for patients who were 
deemed to require delivery or be likely to deliver imminently were also 
included. 
 
Exclusion criteria 
The HROTS excluded elective transfers between tertiary obstetric 
institutions and transfers to hospitals of lower-level care. Requests for 
transfer to higher-level care hospitals that were not tertiary units were also 
excluded. 
 
Data collection 
Obstetric transfer cases were referred to the HROTS from tertiary obstetric 
units across NSW and the ACT. Hospitals seeking transfer advice through 
PAL or attempting to arrange antenatal transfers through NETS NSW 
were also asked to directly refer the transfer cases to the study. Staff in 
participating hospitals and NETS NSW were asked to complete a 
standardized data collection form (Appendix A). The data collection form 
collected details about maternal history and presentation, indication for 
transfer, organization of the transfer and outcome of the transfer. 
 Relevant PAL and NETS NSW cases were also identified through 
the NETS NSW database; each phone-call received by NETS NSW and 
the PAL service is logged into an electronic database at NETS NSW. 
Information about the patient, the indication for the call, relevant clinical 
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information, participants in the call and transfer details, e.g. mode of 
transport, time of patient pick-up, time of arrival and destination hospital, 
are recorded. It was therefore possible to identify logged calls to NETS 
NSW and the PAL service that were for obstetric advice or obstetric 
transfer, to collect information regarding each request and then to contact 
the relevant referring and receiving hospitals for additional data required 
for the HROTS. 
 
Follow-up 
The HROTS aimed to keep missing data to less than 10%. To achieve 
this, patient files at the participating tertiary hospitals were reviewed to 
follow-up and to complete the datasets. Referring non-tertiary units were 
also asked to fax relevant transfer, discharge and/or birth summaries to 
the study team.  
 
Analysis 
The information collected was entered into a de-identified database. Data 
were analyzed with EpiInfo® and Microsoft Excel®. Excel® was used to 
perform univariate and bivariate analysis, where univariate analysis initially 
focused on characterization of the study cohort and subgroups and 
bivariate analysis looked for differences in demographic and clinical 
factors between the study groups.  
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Sample size 
By selecting a power of 80% and a two-tailed α of 0.05, it was determined 
that at least 138 obstetric transfers would be necessary for the HROTS. 
This was calculated assuming that 30% of the transfers would be 
“probably inappropriate”, recognizing that this percentage is not based on 
any previous studies or data. 
 
Statistics 
EpiInfo was used to calculate epidemiological statistics using odds ratios 
(OR), 95% confidence intervals (95% CI) and two-tailed p-values. The 
level of statistical significance for all analyses was set at p<0.05. Statistical 
estimates, imputation and replacement methods to compensate for 
missing data were not employed. 
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6. PILOTING THE HROTS 
 
The data collection form (Appendix A) was first developed in May 2009. 
Recognizing the stressful situation of organizing transfers, the form was 
designed to be easy to use by minimizing the amount of writing required 
by the referring staff-member – where possible, tick and drop-down boxes 
were used. The form was put to members of NETS NSW, PAL and the 
Pregnancy and Newborn Services Network for review regarding content 
and layout and suggested changes made. After ethics approval was 
obtained from the ACTHREC and NSWPHSREC the data collection form 
was piloted at NETS NSW for three months. During this period, NETS 
NSW staff learnt how to use the form and became accustomed to 
instructing requesting clinicians on how to access the form via the NETS 
NSW website. Further alterations to the form were made after receiving 
feedback from NETS NSW staff members and from several of the 
hospitals.  
 At the same time, document packets containing information about 
the study were also sent to each tertiary obstetric unit as part of the SSA 
process so that the units could understand the purpose of the study as 
well as familiarize themselves with the use of the data collection form 
(Appendix B). It also gave the departments the opportunity to recognize 
the amount of work required if they agreed to participate in the study. As 
mentioned earlier, one tertiary unit declined to participate in the HROTS 
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citing that there was insufficient staff and too much day-to-day work 
volume to cope with the additional activity of contributing to the study.  
 For the first few referred cases, the tertiary labour wards were 
called within two weeks of receiving the data collection forms to try to 
follow-up on the outcomes of the transfers. There was limited success with 
this method due to the fact that the shift and rotating-roster nature of work 
for midwives and obstetric registrars meant that whomever answered the 
follow-up call usually did not know about the patient and were often too 
busy to chase down the information for the research team. It was therefore 
decided that reviewing patient files for the relevant presentation and 
admission would likely be the most effective way to complete the datasets. 
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7. RESULTS 
 
Two hundred and fifty-one requests for high-risk obstetric transfer were 
referred to the HROTS of which two hundred and forty-nine were included 
in the study; two cases were requests for transfer to non-tertiary hospitals. 
Two hundred and twenty-nine (92%) of the datasets were complete.  
 Requests for transfer originated from 81 hospitals across NSW and 
the ACT; this included 30 urgent tertiary-to-tertiary hospital requests 
because of the shortage of NICU beds for women who were assessed to 
be in imminent preterm delivery or requiring urgent delivery with babies 
who would likely require NICU or Special Care Nursery support. There 
were 212 transfers as a result of the 249 calls where these patients were 
received at 22 hospitals. Thirteen cases were transferred to non-tertiary 
centres (granted, still upwards transfers) after it was recommended that a 
tertiary receiving hospital was not necessary and nine cases were moved 
to tertiary institutions interstate, i.e. Queensland and South Australia 
(Figure 1). The requests related to 224 individual women, some having 
had multiple requests for transfer during their pregnancy – 20 patients had 
two requests, one had three, and one had four.  
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Figure 1. Map of the routes of the antenatal transfers included in the HROTS.  
The divisions of the different health networks in NSW and the ACT are drawn out. Red 
lines indicate cases that were moved to Newcastle, blue lines to Sydney, yellow lines to 
the ACT, purple lines to non-tertiary units, orange lines to Queensland and the black line 
to South Australia. 
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Maternal characteristics 
Maternal age 
The median maternal age was 28.7 years (range 15.2-51.9). The median 
maternal age for women with “appropriate transfers” was 30.6 years 
(range 15.7-51.9), for “failed/delayed transfers” 24.2 years (range 15.8-
51.9) and for “probably inappropriate transfers” 24.2 years (range 15.8-
37.8). In the younger age group, defined as patients with an age less than 
or equal to 35 years, the percentage of transfer requests resulting in an 
“appropriate transfer” outcome is similar (31-38%) but in the higher age 
groups (i.e. patients more than 35 years) there is an increase in this 
percentage (50-53%) (Table 2). The odds ratio of an “appropriate transfer” 
occurring where maternal age is more than 35 years compared with 
maternal age 35 years or less is 1.9 (95% CI 1.04-3.7, p = 0.05). While 
almost half of patients 35 years or less had probably “inappropriate 
transfers” (42-56%), there was a marked decrease in this percentage at 
more than 35 years of age (13-38%); that is, the likelihood of patients 35 
years or less having “probably inappropriate transfer” outcomes compared 
with those over 35 years was significant, OR 2.4 (95% CI 1.2-4.8, p = 
0.016); no significant difference was noted for “failed/delayed transfers”, 
OR 0.5 (95% CI 0.1-2.1, p = 0.470). 
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Outcome  
Maternal 
age 
(years) 
 
n, 
(N=249, 
%N) 
Appropriate 
transfer 
(%n) 
Failed/delayed 
transfer (%n) 
Probably 
inappropriate 
transfer (%n) 
Unknown/ 
Repeat 
request 
(%n) 
<21 26 (10) 10 (38) 3 (11) 11 (42) 2 (9) 
21-25 57 (23) 21 (37) 8 (14) 26 (46) 2 (3) 
26-30 61 (27) 19 (31) 3 (5) 34 (56) 5 (8) 
31-35 55 (22) 21 (38) 3 (5) 28 (51) 3 (6) 
36-40 32 (13) 17 (53) 2 (6) 12 (38) 1 (3) 
>40 16 (5) 8 (50) 0 (0) 2 (13) 6 (37) 
Unknown* 2 (<1) 0 (0) 0 (0) 0 (0) 2 (100) 
 
Table 2. Outcomes of requests for antenatal transfer based on maternal age at 
presentation.  
*Maternal age not documented and patients could not be followed-up. 
 
Parity 
Of the women studied, 45% of the women were nulliparous (parity 0), 53% 
were multiparous (parity 1-4) and 2% were grand multips (parity more than 
or equal to 5). Median parity at time of presentation was 1 (range 0-10). 
There is a decrease in the number of patients presenting as parity 
increases (Table 3). The outcomes for each group were similar, the 
exception being that there were no “failed/delayed transfers” for women 
with parity more than 2. The median parity for patients with “appropriate 
transfers” was 1 (range 0-10), “failed/delayed transfers” 0 (range 0-2) and 
“probably inappropriate transfers” 1 (range 0-10). 
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Outcome  
 
Parity 
 
n, 
(N=249, 
%N) 
Appropriate 
transfer 
(%n) 
Failed/delayed 
transfer (%n) 
Probably 
inappropriate 
transfer (%n) 
Unknown/ 
Repeat request 
(%n) 
0 112 
(45) 
46 (41) 11 (10) 45 (40) 10 (9) 
1 59 (24) 20 (34) 6 (10) 28 (47) 5 (9) 
2 42 (17) 13 (31) 2 (5) 24 (57) 3 (7) 
3 18 (7) 8 (44) 0 (0) 9 (50) 1 (6) 
4 12 (5) 6 (50) 0 (0) 5 (42) 1 (8) 
≥5 6 (2) 3 (50) 0 (0) 2 (33) 1 (17) 
 
Table 3. Outcomes of requests for antenatal transfer based on parity. 
 
Background medical history 
Data on maternal background medical disease and conditions was 
collected (Table 4). Patients with underlying essential hypertension were 
significantly more likely to have “appropriate transfers” than “failed/delayed 
transfers” or “probably inappropriate transfers” with odds ratio 2.8 (95% CI 
1.1-7.1, p = 0.039). Being obese meant patients were also more likely to 
have “appropriate transfers” but this did not reach statistical significance. 
Having underlying diabetes (gestational and non-gestational), epilepsy, 
psychiatric disorders or alcohol/drug use (including cigarette smoking) 
does not appear to increase the likelihood that the patients would deliver 
after arrival at the receiving hospital. 
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Outcome  
Background 
medical 
condition 
 
n,  
(N=249, 
%N) 
Appropriate 
transfer 
(%n) 
Failed/ 
delayed 
transfer 
(%n) 
Probably 
inappropriate 
transfer  (%n) 
Unknown/ 
Repeat 
request (%n) 
GDM/IDDM* 21 (8) 6 (29) 3 (14) 10 (48) 2 (9) 
Essential 
hypertension 
23 (9) 13 (57) 1 (4) 7 (30) 2 (9) 
Obesity 6 (2) 5 (83) 0 1 (17) 0 
Epilepsy 4 (2) 1 (25) 0 3 (75) 0 
Renal 
disease 
1 (<1) 1 (100) 0 0 0 
Alcohol/Drug 
use** 
31 (12) 13 (42) 3 (10) 15 (38) 0 
Psychiatric 
disorder 
35 (14) 13 (37) 1 (8) 21 (55) 0 
 
Table 4. Outcomes of requests for antenatal transfer based on maternal 
background medical conditions. 
*GDM/IDDM = Gestational diabetes mellitus/Insulin-dependent diabetes mellitus, 
including Types I and II diabetes mellitus. **Includes cigarette smokers. 
 
Fetal characteristics 
Gestation 
Median gestation at time of request for transfer was 29.6 weeks (range 21-
41.5) (Table 5). For “appropriate transfers”, median gestational age at 
presentation was 29.3 weeks (range 21-41.5), for “failed/delayed transfer” 
31.3 weeks (range 23-35) and for “probably inappropriate transfers” 30 
weeks (range 22.3-40.1) (Figure 2a). For the three examined outcomes, 
the percentage of occurrences for each was relatively similar between the 
different gestational ranges (Figure 2b). It is interesting to note that even 
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though the fetuses were pre-viable, there were seven cases of requests 
for transfer where the gestation was 21-23.6 weeks. For the three 
“appropriate transfers”, a 23-weeker delivered four hours after arrival at 
the receiving hospital and a 22-weeker went on to deliver at 32 weeks 
gestation. In the remaining case, the patient was reported as 24 weeks at 
the time of transfer request but on arrival at the receiving hospital, 
gestation was calculated as only 21 weeks; this patient went on to deliver 
at term. Out of the three “probably inappropriate transfers”, one was 
transferred to a second tertiary centre, one was discharged home 
undelivered from the receiving tertiary hospital and one was discharged 
home undelivered from the requesting hospital following a decision not to 
transfer due to early gestational age. 
 
Outcome Gestational 
age at 
presentation 
(weeks) 
 
n, 
(N=249, 
%N) 
Appropriate 
transfer 
(%n) 
Failed/delayed 
transfer (%n) 
Probably 
inappropriate 
transfer (%n) 
Unknown/ 
Repeat 
request 
(%n) 
21-23.6 7 (3) 3 (43) 1 (14) 3 (43) 0 (0) 
24-26.6 44 (18) 16 (36) 3 (9) 20 (45) 5 (10) 
27-29.6 74 (30) 33 (44) 3 (4) 34 (46) 4 (6) 
30-32.6 88 (35) 32 (36) 9 (10) 38 (43) 9 (11) 
33-35.6 31 (12) 9 (29) 3 (10) 16 (52) 3 (9) 
≥36 5 (2) 3 (60) 0 (0) 2 (40) 0 (0) 
 
Table 5. Outcomes of requests for antenatal transfer based on gestational age at 
presentation.
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(a)  
 
 
 
 
 
 
 
 
 
 
 
(b) 
  
 
 
 
 
 
 
 
Figure 2. Graphs showing the outcomes of antenatal transfers based on 
gestational age at time of presentation. (a) The distribution of patients presenting at 
each gestational age range and the outcomes of the requests for antenatal transfer. (b) 
The outcomes of antenatal transfer requests as percentages based on gestational age at 
presentation. 
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Plurality 
Of the 249 requests for transfer, 193 (78%) were singleton pregnancies 
while 54 (22%) were twin pregnancies. In two cases plurality was not 
recorded and the patients could not be followed-up. Among the twin 
pregnancies, 30 (56%) were documented as dichorionic-diamniotic 
(DC/DA) twins and 18 (33%) were documented as monochorionic- 
diamniotic (MC/DA) twins. Median gestational age at presentation for 
singletons was 29.5 weeks (range 21-41.5) and for twins was 30.2 weeks 
(range 22.3-40.1).  
 Overall 82 (42%) of the singleton antenatal transfer requests 
delivered and 33 (57%) of twin cases delivered, with 15 (8%) and 5 (9%) 
unknown outcomes/repeat requests respectively (Figure 3). On further 
analysis (Table 6), 34% of singleton pregnancies resulted in “appropriate 
transfers”, 8% in “failed/delayed transfers”, 50% in “probably inappropriate 
transfers” and 8% in “unknown outcomes/repeat requests”. For twin 
pregnancies, 56% were “appropriate transfers”, 5% were “failed/delayed”, 
30% were “probably inappropriate” and 9% were “unknown/repeat 
requests”. Twin pregnancies were significantly more likely to result in 
“appropriate transfers” compared with singleton pregnancies, OR 2.4 (95% 
CI 0.2-0.8, p = 0.007) and significantly less likely to result in “probably 
inappropriate transfers”, OR 0.4 (95% CI 0.2-0.8, p = 0.14). No 
significance was found comparing twin to singleton pregnancies for 
“failed/delayed transfers”, OR 0.6 (95% CI 0.2-2.3, p = 0.706). 
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Figure 3. Pie charts comparing outcomes of requests for antenatal transfer in 
singleton and twin pregnancies. 
  
 
 
Outcome  
 
Plurality 
 
n, 
(N=249, 
%N) 
Appropriate 
transfer 
(%n) 
Failed/ 
delayed 
transfer 
(%n) 
Probably 
inappropriate 
transfer (%n) 
Unknown/ 
Repeat 
request 
(%n) 
Singleton 193 (78) 66 (34) 16 (8) 96 (50) 15 (8) 
Twin 54 (22) 30 (56) 3 (5) 16 (30) 5 (9) 
Unknown* 2 (<1) 0 0 0 2 (100) 
 
Table 6. Outcomes of the requests for antenatal transfer based on plurality.  
*Plurality not documented and patients unable to be followed-up. 
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Indication for transfer 
TPL was the most common indication for transfer at 27%; this was 
followed by PROM at 12%, TPL plus PROM at 10%, APH at 7%, TPL plus 
APH at 6% and PIH at 5%. A combination of indications made up the 
remaining 33% where this group included but was not exclusive to 
indications such as imminent term delivery, TPL plus infection, short 
cervix, etc (Table 7). Figure 4 better illustrates the data comparing the 
indications with the outcomes for transfer. Although TPL was the most 
common reason for transfer, it had the lowest likelihood of an “appropriate 
transfer” (14%). Having APH and TPL plus APH as the indications for 
transfer also had low percentages of “appropriate transfers”, 22% and 
20% respectively. However, where the indication for transfer was PIH 
(69%), PROM (68%) or TPL plus PROM (52%) there was a high likelihood 
it would result in an “appropriate transfer”. Moreover, a “probably 
inappropriate transfer” outcome was also more likely to occur if the 
indication was APH (72%), TPL (64%), TPL plus APH (40%), but unlikely 
to result if the reason for transfer was PROM (29%), PIH (23%) and TPL 
plus PROM (16). To calculate the significance of these findings, TPL, APH 
and TPL plus APH was compared to PROM, TPL plus PROM and PIH to 
calculate the odds ratio for the three study outcomes; the findings were: 
“appropriate transfers” OR 0.1 (95% CI 0.1-0.2, p = 0.00) and “probably 
inappropriate transfers” OR 5.3 (95% CI 2.7-10.6, p = 0.00) 
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 For “failed/delayed transfers”, none resulted where PROM, PIH and 
APH were the indications but occurred at 20% with TPL plus PROM, 9% 
with TPL and 7% for TPL plus APH. The OR for “failed/delayed transfers” 
according to the two groupings of indications previously described is 8.5 
(95% CI 1.1-67.5, p = 0.04). 
 
Outcome  
Indication 
for 
transfer 
 
n, 
(N=249, 
%N) 
Appropriate 
transfer (%n) 
Failed/ 
delayed 
transfer 
(%n) 
Probably 
inappropriate 
transfer (%n) 
Unknown/ 
Repeat 
request 
(%n) 
TPL 66 (27) 9 (14) 6 (9) 42 (64) 9 (13) 
PROM 31 (12) 21 (68) 0 (0) 9 (29) 1 (3) 
TPL plus 
PROM 
25 (10) 13 (52) 5 (20) 4 (16) 3 (12) 
APH 18 (7) 4 (22) 0 (0) 13 (72) 1 (6) 
TPL plus 
APH 
15 (6) 3 (20) 1 (7) 6 (40) 5 (33) 
PIH 13 (5) 9 (69) 0 (0) 3 (23) 1 (8) 
Others 81 (33) 37 (46) 7 (9) 36 (44) 1 (1) 
 
Table 7. Outcomes of requests for antenatal transfer based on the indication for 
transfer.  
The table is arranged according to the most common indication for transfer. TPL = 
Threatened preterm labour; PROM = Premature rupture of membranes; APH = 
Antepartum haemorrhage; PIH = Pregnancy-induced hypertension; Others = Other 
indications or different combinations of indications not already described, e.g. TPL plus 
infection, imminent term delivery, TPL plus PROM plus APH; usually there were only one 
or two patients who required transfer for the particular indication set. 
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Figure 4. Graph representing the outcomes of requests for antenatal transfer as 
percentages based on indication for request for transfer. 
The bars are arranged according to the percentage of “appropriate transfers” resulting 
from the indication(s). 
 
 Besides the clinical indication for transfer it was noted that the 
number of indications for transfer also had an impact on the likelihood that 
an “appropriate transfer” would result. As seen in Table 8, of the cases 
with only one indication, 32% of them resulted in an “appropriate transfer”. 
This percentage increases to 41% with two indicators and almost doubles 
to 62% when there are three or more indications. Conversely, with one 
indication 53% of cases could be classified as “probably inappropriate 
transfers”, decreasing to 38% with two indicators and almost halving to 
29% with three or more indicators. Patients with three or more indications 
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transfer” compared with those who had just one indication, OR 3.4 (95% 
CI 1.5-7.7, p = 0.004); conversely, a “probably inappropriate transfer” was 
significantly more likely to result from a patient with only one indication 
compared with a patient with three or more indications, OR 2.8 (95% CI 
1.2-6.5, p = 0.02). 
 
Outcome  
Number of 
indications 
for 
transfer 
 
n, 
(N=249, 
%N) 
Appropriate 
transfer 
(%n) 
Failed/ 
delayed 
transfer 
(%n) 
Probably 
inappropriate 
transfer (%n) 
Unknown/
Repeat 
request 
(%n) 
1 133 (53) 42 (32) 7 (5) 71 (53) 13 (10) 
2 79 (32) 35 (41) 10 (12) 32 (38) 8 (9) 
3+* 37 (15) 19 (62) 2 (6) 9 (29) 1 (3) 
 
Table 8. Outcomes of requests for antenatal transfer based on the number of 
indications for transfer.  
*There were only two requests for transfer that had four indications. 
 
Transfer process 
Number of phone-calls to arrange transfer 
NETS NSW and PAL were involved in organizing transfers for or providing 
obstetric phone advice for 136 of the cases. Where NETS NSW and PAL 
were involved, the median number of phone calls made to find an 
accepting hospital was 2 (range 1-15 calls). It was difficult to determine the 
number of calls made to establish a receiving hospital in the cases where 
NETS NSW was not involved because of poor clinical documentation, i.e. 
in most patient records it was written by the treating doctor that the patient  
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would be for transfer but the next entry regarding the transfer would be by 
a midwife or nurse stating the time of the patient’s departure – the number 
of hospitals contacted and the destination hospital would not necessarily 
be documented.  
 
Time to transfer 
For the 212 patients who were transferred, 68% of patients arrived at the 
destination hospital within 6 hours of the initiation of the transfer process, 
14% within 6 to 12 hours, 8% within 12 to 24 hours and 5% after 24 hours 
(Table 9). Longer transfer process times did not seem to be associated 
with “appropriate” or “probably inappropriate” transfer outcomes. The 
median time from the initial transfer request to the time the patient arrived 
at the receiving hospital was 4.6 hours (range 0.7-47.3). The median time 
for patients with “appropriate transfers” was 4.8 hours (range 0.7-47.3), 
with “failed/delayed transfers”, where the patient was moved, 2 hours 
(range 1.4-3.7) and with “probably inappropriate transfers” 4.6 hours 
(range 0.9-44.1).  
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Outcome Transfer 
process 
time 
(hours) 
n, 
(N=212, 
%N) 
Appropriate 
transfer (%n) 
Failed/delayed 
transfer (%n) 
Probably 
inappropriate 
transfer (%n) 
<2 22 (10) 9 (41) 3 (14) 10 (45) 
2-4 57 (27) 23 (41) 3 (5) 31 (54) 
4-6 66 (31) 31 (47) 0 35 (53) 
6-8 22 (10) 10 (45) 0 12 (55) 
8-10 7 (3) 3 (43) 0 4 (57) 
10-12 3 (1) 2 (67) 0 1 (33) 
12-24 16 (8) 9 (56) 0 7 (44) 
>24 9 (5) 4 (44) 0 5 (56) 
Unknown* 10 (5) 5 (50) 0 5 (50) 
 
Table 9. Outcomes of antenatal transfers based on time from initiation of transfer 
process to arrival at destination hospital. 
*Time could not be calculated because either time of initiation of transfer process or time 
of arrival was not documented. 
 
Mode of transport 
When transferred, road ambulance was the mode of transport in 124 
cases (59%), fixed-wing aircraft in 78 (37%) and rotary-wing aircraft in 7 
(3%) (Table 10). Patients who were transferred by road ambulance were 
less likely to have an “appropriate transfers” compared to those who were 
moved by air ambulance or rotary wing (40% vs. 49% vs. 57%), but more 
likely to have “failed/delayed transfers” (5% vs. 3% vs. 0%) and “probably 
inappropriate transfers” (53% vs. 46% vs. 43%). Women who were moved 
by rotary-wing aircraft were the most likely the have an “appropriate 
transfer” outcome and the least likely to have a “failed/delayed transfer” 
and “probably inappropriate transfer” outcome. There was no statistical 
	   37	  
significance calculated between any of the transport modes and study 
outcomes. 
 
Outcome  
 
Mode of 
transport 
 
n, 
(N=212, 
%N) 
Appropriate 
transfer 
(%n) 
Failed/ 
delayed 
transfer 
(%n) 
Probably 
inappropriate 
transfer (%n) 
Unknown/ 
Repeat 
request (%n) 
Road 
ambulance 
124 (59) 50 (40) 6 (5) 66 (53) 2 (2) 
Air 
ambulance 
78 (37) 38 (49) 2 (3) 36 (46) 2 (2) 
Rotary wing 7 (3) 4 (57) 0 (0) 3 (43) 0 (0) 
Unknown* 3 (1) 0 (0) 0 (0) 0 (0) 3 (100) 
 
Table 10. Outcomes of antenatal transfers based on mode of transport. 
*Mode of transport was not reported and patients could not be followed-up. 
 
Outcomes of transfers 
Overall, 39% of the requests were “appropriate transfers”, 8% were 
“failed/delayed transfers” and 45% were “probably inappropriate transfers” 
(Table 11). In 8% the outcome was “unknown/repeat request” because the 
patients could not be followed-up or they were repeat requests for 
transfers, i.e. in two cases, the patient was advised not for transfer at the 
first request for transfer because of likely imminent delivery but when she 
did not deliver after one hour a second request for transfer was made. 
These two calls were treated as separate requests for transfer. 
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Outcome N = 249 (%) 
Appropriate transfer 96 (39) 
Failed/delayed transfer 19 (8) 
Delivery <1h of arrival 3 
Delivery before arrival 16 
Diverted en route* 3 
Not moved* 13 
Probably inappropriate transfer 113 (45) 
Discharged undelivered 84 
Not moved** 3 
Transferred undelivered 28 
Unknown#/Repeat request for transfer## 21 (8) 
 
Table 11. Outcomes of requests for antenatal transfers included in the HROTS.  
*Subcategories of “Delivery before arrival”. **Subcategory of “Discharged undelivered”; 
these patients were discharged undelivered from the referring hospital. #“Unknown” 
represents patients who could not be followed-up. ##“Repeat request for transfer” 
indicates cases where a request for antenatal transfer was made but not recommended 
due to likely imminent delivery; when the patient did not deliver, a second request for 
transfer was made. 
 
 In total, 115 (47%) requests for transfer resulted in a delivery, 
including those who delivered after arrival at the receiving hospital, before 
the patient could be moved or en route; 114 (45%) were either transferred 
to another hospital or discharged home undelivered. Sixty-one (53%) of 
the deliveries were by caesarean section and fifty-three (46%) were 
vaginal births, including assisted deliveries and vaginal breech. Forty-two 
of the eighty-two  (51%) singleton deliveries were vaginal and thirty-nine 
(48%) were by caesarean whereas eleven of the thirty-three (33%) twin 
deliveries were vaginal and twenty-two (67%) were by caesarean. There 
were three stillbirths in the study (total of 148 babies born), one from a 
	   39	  
singleton pregnancy, two from twin pregnancies including one case where 
one of the twins had already died in utero much earlier in the pregnancy.  
 The median time to delivery for “appropriate transfers” was 26.4 
hours (range 1.2-3335.8). For singleton pregnancies the median time to 
delivery for “appropriate transfers” was 44.2 hours (range 1.1-3335.8) and 
for twins it was 9.3 hours (range 1.5-1561). Median length of stay if the 
patient was discharged undelivered was 2 days (range 0-49) and 3.5 days 
(range 0-35) if they were transferred to another hospital undelivered. 
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7. DISCUSSION 
 
By describing the antenatal transfer process in NSW and the ACT, the 
HROTS aims to identify factors associated with “appropriate transfers”, 
“failed/delayed transfers” and “probably inappropriate transfers” with the 
ultimate goal of assessing the appropriateness of the current transfer 
system. Analysis of the data collected for the study has identified several 
statistically significant factors for the three study outcomes. 
 
Transfer process 
The overall median time from the initial transfer request to the time the 
patient arrived at the receiving hospital was 4.6 hours (range 0.7-47.3); 
this median time and range was similar between patients who had 
“appropriate” and “probably inappropriate” transfer outcomes suggesting 
that the time it takes to organize and execute the transfer does not have a 
significant impact on the outcome. However, for patients with 
“failed/delayed transfers”, where the patient was moved, the median time 
was 2 hours (range 1.4-3.7). This finding suggests that these transfers 
were not actually delayed and that these patients would have delivered 
regardless of how fast the transfer could have been arranged as the 
median time to organizing and getting the transfers underway was less 
than half the time compared to the other study outcomes. 
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 The majority of patients who were transferred were moved within 
six hours of the initiation of the transfer process, i.e. first phone-call made 
to the referring tertiary hospital, NETS NSW or the PAL service. However, 
for 8% of patients, the transfer took 12 to 24 hours and for 5% it took more 
than 24 hours. This strongly suggests that despite the need for women 
with high-risk pregnancies to be moved urgently from rural, remote and 
small urban hospitals, there are still quite a few women for whom the 
transfer process is very delayed, potentially compromising their care as 
well as that of their fetus. It is likely that these delays are due to either a 
shortage of tertiary antenatal or NICU beds. It must be noted, however, 
that these prolonged transfer processes did not result in any deliveries 
before the patient could be moved or could arrive at the destination 
hospital, if the patient was assessed as suitable to be moved. This 
suggests that the current system of triage is able to ensure that women 
who will require delivery urgently in a tertiary centre are moved in sufficient 
time and that those women who were going to deliver preterm babies 
imminently would do so regardless of the length of time it takes to 
organize a transfer. 
 There was no calculated significant difference between having road 
ambulance, fixed-wing aircraft or rotary-wing aircraft as the mode of 
transport during the transfer for any of the study outcomes. It is interesting 
to realize that most of the transfers were moved via road ambulance 
(59%), then fixed-wing aircraft (37%), with only very few transfers by 
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rotary-wing aircraft (3%). It can be inferred that the availability of the 
different modes of transport in NSW and the ACT influenced the eventual 
mode of transport but could possibly indicate hesitancy among clinicians 
to employ air transport in obstetric cases. As stated by O’Brien et al, there 
does not appear to be any major complication associated with moving 
women by fixed-wing(7) but more research must be done to assess the 
safety of using fixed and rotary-wing aircraft transport services in antenatal 
transfers. 
 
Maternal characteristics 
The cohort of women for whom requests for high-risk obstetric transfers 
were received as part of the HROTS was younger than the general 
population of pregnant women in New South Wales, median age 28.7 
years vs. 30.7 years(17). However the distribution of parity of the patients 
was almost the same as the general population based on the NSW 
Mothers and Babies 2009 report published by the NSW Ministry of 
Health(17). For the HROTS patients, the median maternal age at 
presentation was younger for “failed/delayed” and “probably inappropriate 
transfers” compared with “appropriate transfers. Having a maternal age of 
more than 35 years means the woman is significantly more likely to have 
an “appropriate transfer” outcome compared to a mother less than or 
equal to 35 years old and significantly less likely to have a “probably 
inappropriate transfer” outcome. 
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 The HROTS data also suggests that women who are being 
transferred are sicker than the general population in that they are more 
likely to have underlying medical conditions. The NSW Mothers and 
Babies 2009(17) only reported on diabetes and hypertension; they 
documented that 6% of women had gestational and non-gestational 
diabetes mellitus compared with 8% of the study cohort. Additionally, it 
was reported that 0.8% of pregnant women in NSW had essential 
hypertension compared with 9% of the study cohort; these women are 
significantly more likely to have “appropriate transfers” than 
“failed/delayed” or “probably inappropriate” outcomes. 
 
Fetal characteristics 
The median gestational age at presentation was 29.6 weeks for the 
HROTS population, similar to the median ages found in the other studies – 
25.5-32 weeks(7, 13, 14). Although the MOSAIC group focused only on 
very preterm births, they did find that increasing gestational age meant the 
patient had an increased chance of being transferred suggesting that fetal 
viability based on gestational age is taken into consideration in the transfer 
decision-making process(15). This pattern is also noticeable in the 
HROTS patient cohort where there was only a very small number of pre-
viable, i.e. less than 24 weeks gestation, transfer cases and that the 
incidence of transfer cases increased with gestation. This number then 
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decreased at term, most likely due to the fact that most hospitals, including 
small rural or remote ones, are able to manage low-risk term deliveries.  
 The study cohort is noted to have a 10 times greater proportion of 
twin pregnancies than the general population, 22% vs. 3%(17). This is 
likely because twin pregnancies are higher risk pregnancies, with 
increased risk of preterm labour and complications such as twin-to-twin 
transfusion syndrome or discordant growth, hence the over-representation 
in the study population(18).  
 
Indication for transfer 
Like previous research has shown, TPL, PROM and TPL plus PROM were 
the most common indications for transfer(7, 12-14, 19) and the finding that 
TPL was the most common indication was similar to the other papers. The 
HROTS data shows that patients with TPL, APH or TPL plus APH as the 
indications was transfer are significantly more likely to have a “probably 
inappropriate transfer” or “failed/delayed transfer” outcome and 
significantly less likely to have an “appropriate transfer” outcome 
compared to patients with PROM, PIH or TPL plus PROM as the 
indication. This suggests that patients with TPL, APH or TPL plus APH as 
the indications for transfer either present as imminent delivery/requiring 
urgent delivery or as patients whose symptoms settle and can therefore be 
discharged home safely as per clinical guideline recommendations(20). 
Furthermore, the diagnosis of TPL is still highly controversial given that “in 
	   45	  
many cases, women with symptoms suggestive of preterm labour – even if 
combined with cervical effacement and dilation – will not have a preterm 
birth”(21). Tests for TPL, such as fetal fibronectin (FFN), cervical length on 
ultrasound and phosphorylated insulin-like growth factor binding protein 1, 
are useful only insofar as to say that preterm birth is unlikely if the test is 
negative(21). There are currently no state-wide or national guidelines 
regarding the use of FFN or related tests for TPL; in this study only 42 
patients were documented to have FFN results. 
 On the other hand, current management guidelines for PROM 
recommend admitting these patients for antibiotics to prevent 
chorioamnionitis – either expectant management or delivery can then be 
considered at 34 weeks gestation(22). It is also recommended that 
patients with severe PIH be admitted for monitoring and management of 
their blood pressure until it stabilizes at an acceptable range, which can 
take some time, or until severe pre-eclampsia or eclampsia evolves 
requiring urgent delivery(23). These clinical practices offer possible 
explanations as to why these patients have more “appropriate transfer” 
outcomes. 
 Moreover, having more indications for transfer means a patient is 
more likely to deliver after arrival at the receiving hospital. This is likely 
because the more indications present, the higher-risk the pregnancy and 
therefore the greater the risk of needing admission and delivery during that 
admission. 
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Outcomes of transfers 
The HROTS found that 39% of the requests were “appropriate transfers”, 
8% were “failed/delayed transfers” and 45% were “probably inappropriate 
transfers”. This percentage of “appropriate transfers” was less than that 
found in other studies where they quoted 46-72.5% delivery rates at the 
receiving hospitals. This discrepancy can partially be explained by the fact 
that this study’s decision to look at “failed/delayed transfer” outcomes; if 
the patients who delivered before arriving at the receiving hospital were 
not included in the calculations and those who delivered within one hour of 
arrival to the receiving hospital were included, then the percentage of the 
study cohort who delivered at the receiving hospital increases to 47%, 
similar to Badgery-Parker’s 46%(12). Another contributing factor to the 
lower “appropriate transfer” outcome rate could be geography – where 
Bennet et al(13) and Fenton et al(14) found 61% and 72.5% delivery rates 
at the receiving hospitals, respectively, one must bear in mind that the 
total area of the United Kingdom is approximately a quarter of the 
combined area of NSW and the ACT and that the distribution of tertiary 
health care centres is different from Australia; it is highly probable that 
transfers are more challenging to organize in NSW and the ACT. 
 The study cohort is also almost twice as likely as the general 
population to have caesarean sections as the mode of delivery (53% vs. 
30%), almost 14 times as likely to have a preterm delivery (97% vs. 7%) 
and 3 times as likely to have a stillbirth (2.6% vs. 0.6%)(2). High-risk 
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pregnancies are more likely to be delivered via caesarean section to 
manage perceived risks to and to reduce stressors on the mother and/or 
baby. It is therefore not surprising to find a high caesarean rate in the 
HROTS population; this higher rate was also noted in Bennet et al’s study 
(13). The high rate of premature births can be considered an important 
contributor to the high caesarean section rates as caesarean sections are 
associated, granted not significantly, with lower neonatal mortality rates 
(but not morbidity) compared with vaginal deliveries in very preterm 
infants(24). 
 As to the preterm delivery rates, given that the vast majority of the 
obstetric transfers occurred in women who were preterm and that the 
median time to delivery for “appropriate transfers” was 26.4 hours, it 
makes mathematical sense that most deliveries occurred while still 
preterm. A contributing factor could also be the large number of twin 
pregnancies, especially MC/DA, in the study cohort; clinical guidelines 
recommend the delivery of monochorionic twins by 37 weeks gestation, 
i.e. before they reach term(18). Although they had similar median 
gestational ages at presentation, the data from this study shows clearly 
that twin pregnancies are significantly more likely to result in an 
“appropriate transfer” than singleton pregnancies, with a shorter median 
time to delivery (9.3 hours vs. 44.2 hours) and they are significantly less 
likely to have a “probably inappropriate transfer” outcome. 
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Limitations of the HROTS 
There are several limitations to the HROTS, the biggest being that it relied 
on staff at the participating institutions to refer cases to the study. It is 
theoretically possible, and probably likely, that not all requests for transfer 
were referred from the contributing tertiary centres, thereby giving an 
underestimation of the incidence of obstetric transfers in NSW and the 
ACT. This limitation is compounded by the fact that the one tertiary unit 
that chose not to participate has a large catchment area and is therefore 
probably involved in many high-risk obstetric transfers, most of which 
could not be included in the HROTS. In addition, the study relied on 
referring staff members to complete the data collection forms. In some 
cases these forms were incomplete when sent to NETS NSW and it was 
difficult to follow-up on these the patient transfers given the number of 
sites involved. Furthermore, there was an issue of incompleteness of the 
follow-up data owing to patient privacy concerns, i.e. there were a small 
number of patients who were transferred interstate or who were referred 
from private hospitals and the research team was unable to follow-up on 
these cases properly as the ethics approvals did not cover these 
institutions. 
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8. CONCLUSION 
 
The findings of the HROTS were able to identify the indications for high-
risk obstetric transfers across NSW and the ACT. It was also able to follow 
the outcomes of the patients being transferred as well as identify clinical 
and demographic factors associated with delivery after transfer thereby 
achieving the aims of the study. The hypothesis that the three defined 
outcome categories would have different associated demographic and 
clinical factors was confirmed.  
 Of the 249 requests for antenatal transfer included in the HROTS, 
39% were “appropriate transfers”, 8% were “failed/delayed transfers” and 
45% were “probably inappropriate transfers”. It is of note that the 
incidence of  “probably inappropriate transfers” was higher than the 
predicted 30% used to calculate the sample size and that in 13% of cases, 
the time from initiation of transfer to the patient’s arrival at the destination 
hospital was more than 12 hours. These findings suggest that there are 
still significant numbers of pregnant women who are receiving suboptimal 
care and having high-risk deliveries in non-tertiary obstetric units or who 
are being moved unnecessarily. This further suggests and that either a 
more robust system of triage is needed or an increase in the availability of 
tertiary antenatal and NICU resources. 
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 As stated earlier, each outcome category had a different group of 
demographic and clinical factors associated. “Appropriate transfers” are 
significantly more likely to happen if:  
a) maternal age at presentation is more than 35 years; 
b) it is a twin pregnancy; 
c) the indication for transfer is PROM, PIH or TPL plus PROM; 
d) there are three or more indications for transfer or 
e) there is underlying maternal essential hypertension. 
 “Failed/delayed transfers” are significantly more likely to occur if the 
indication for transfer is TPL, APH or TPL plus APH. This outcome is also 
associated with higher gestational age at presentation.  
 “Probably inappropriate transfers” are significantly more likely to 
occur where: 
a) maternal age at presentation is 35 years old or younger; 
b) it is a singleton pregnancy; 
c) the indication for transfer is TPL, APH or TPL plus APH and 
d) there is only one indication for transfer. 
 Taking into consideration previously described limitations of the 
HROTS and the findings of this study, several recommendations are made 
for future research and future clinical practice regarding high-risk obstetric 
transfers. The first recommendation would be for the development of a 
linked database between the various health agencies, organizations, 
institutions and departments. This resource would allow clinicians and 
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researchers to obtain a more accurate and complete view of the antenatal 
transfer process including multiple transfers. The second recommendation 
is for the establishment of a system to review the movements of women, 
which would then allow for quality improvement cycles to ensure 
appropriateness of transfers. The database recommended above would 
be of considerable help in providing the required information. Third, a 
system for high-level clinical assessment and support of transfer decisions 
is advocated; a risk matrix could be designed based upon the findings 
from data used in the first two suggestions. These three recommendations 
would improve current knowledge about high-risk obstetric transfers and 
assist clinicians in their decision-making, ultimately serving to improve the 
care provided to women and their babies. 
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Appendix A. The data collection form used by the High-Risk 
Obstetric Transfer Study. 
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Appendix B. Letter to the tertiary level obstetric units across New 
South Wales and the Australian Capital Territory. 
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